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Page 65, figure 18, upper right plot :   the  inlet average t o t a l  pressure 
curve  (solid-line curve) fo r  the  24-percent-thick shank pro e l l e r  WTth 
ideal juncture at the  climb blade angle ( f l ~  = 47.4O; BR = k.6) is 
i n  error. The necessary  correction is made in the  figure below. 
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SUMMARY 

An investigation has been  conducted a t  low speed i n   t h e  Langley low- 
turbulence  tunnel  to  study the ef fec t s  of variat ions i n  propeller-shank 
geometry and propeller-spinner-juncture  configuration on the aerodynamic 
character is t ics  of an NACA I-series  cowling-spinner  conibination  equipped 
with  an  eight-blade  dual-rotation  propeller.  Several  propellers, which 
had maximum shank thiclmesses varying from 12 t o  100 ‘percent (round shank) 
of the blade chord, were investigated  with  “ideal”  sealed and fa i red  
propeller-spinner  junctures over ranges of blade angles and advance r a t i o e  
covering  high-speed, cruising, and climbing f l i g h t .  A representative 
propeller waa investigated  with  several propeller-spinner-junc$ure 
arrangements t h a t  permitted blade rotat ion.  Blowing and suc t ion   s lo t s  
on the spinner w e r e  investigated  in  at tempts  to  reduce the inlet-velocity 
ra t io   required  to   avoid flow separation ahead of  the i n l e t .  

The addition of any of the propellers t o  the basic  cowling-spinner 
coqbimtion dfd not increasf? the minimum inlet-velocity  ratio  required 
to  avoid  boundary-layer  separation from the  spinner  surface and did not 
decrease the predic ted   c r i t i ca l  Mach  number of the cowling. Propeller 
operation  also  delayed  separation from the inner  cowling-lip  surface a t  
high inlet -veloci ty   ra t ios .  

A t  the  simulated  design-cruise  condition, the propeller  with 
12-percent-thick shanks and “ideal” propeller-spinner  juncture produced 
average total pressure  coefficients at tkae cowling inlet and diffuser  
nearly equal to  those  obtained  with  propeller removed., . Increases   in  
propeller-shank  thickness  causes  significant  reductions Qn’these coeffi- 
cients; the round-shank propellers  caused much greater  losses  than the, 
airfoil-shank  propellers of the same thickness. The incorporation of 
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propeller-spinner:juncture arrangements that  permitted  blade  rotation 
also reduced  the tot&  pressure  coefficients  as long as  the  Juncture was 
located  inside  the  spinner boundary layer. An airfoil-land-type  ' juncture ' 
which had the land-shank gap 1ocat;ed well .above the  spinner  surface gave 

' total   pres~ure  coeff ic ients   appr0xba. t -e ly   equal  to those for the  "ideal" 
juncture  .in the simulated  high-speed and cruise conditions and was 
superior   in  the c l h b  condition. O f  the two boundary-layer-control 
methods investigated  only  the  suction scoop  provided any improvement 
over the  basic  configuration  with  propeller  operating. 

Y 

INTRODUCTION 

The power and economy of gas-turbine  engines  are markedly  dependent 
on the efficiency of the  air-induction system (reference 1). In the  case 
of the  turbopropeller  engine  equipped  with a conventional  cowling-spinner 
combination (D-type cowling),  the problem of' obtaining low intake  losses 
i s  complicated by the  presence  of an  initial boundary layer on the 
spinner ahe&d of the inlet--and by interference  effects  introduced by the 
propeller. - 

General  procedures and charts   for   the  select ion  of-high-cr i t ical  
Mach  number cowling-spinner  combinatione .of high  intake  efficzency are 
presented  in  reference 2. The application of these  design  procedures 
and data  for  determining optimum cowling  and  spinner  proportiona  for a ' 

given  installation  necessarily  requires a knowledge of the ef fec ts  of 
propeller  operation on the s t a b i l i t y  of the  spinner boundary layer and 
on the flow in the  vicini ty  of the cowling.  Refkrence 2 presented some 
ir-formation on this subject  for  the  case of  the thick-shanked  single- 
rotation  propeller and pointed out- the need for  similar information  for 
other  types  oppropellers.  I n  each  case,  information is needed re la t ive  
to   the  loss character is t ics  and design re,quireIIlents  of eff ic ient   propel ler-  
spinner-  juncture  arrangements. 

v 

The present  investigation was undertaken in   t he  Langley low- 
turbulence  tunnel  to  study the effec ts  of propeller-shank geometry and 
propeller-spinner-juncture shape on the aerodynamic characterist ics of 9 

a cowling-spinner  combination  equipped  with a high-solidity, high-advance- 
ratio,  dual-rotation  propeller.  This  configuration is  of grea t - in te res t :  
a t   the   present  time for hi@-subsonic-speed  turbopropeller-powered air- 
c r a f t  and presents a par t icular ly   diff icul t   design problem, from the 
viewpoint of obtaining low intake  losses, because of the large  size of 
the  spinner,  the number  of blades, the large  size of the  blade-root 
sections, and the  counter-rotation of the  propeller  elements. The 
investigation is preliminary i n   t h e  sense  that it was conducted a t  low * 
speeds so that   addi t ional   tes ts   a t   h igh speeds are  required ." to  eet8bliSh 

Y 



the   effects  of compressibility. It was believed tat a preliminary 
investigation of this nature was jus t i f i ab le   i n   o rde r  to  determine  whether 
low losses  are  possible and to   def ine the configurations of  greatest  
interest   for  the  necessary  future  investigation a t  high  speeds. 

For the main part of the investigation, the basic  cowling-spinner 
conibination was tested  with  no-propeller and with  five  propeller  config- 
urations  with  varying shank shapes and t h i ckessee .  Each of the 
propellers was tested with  an  aerodynamically  "ideal"  propeller-spinner 
juncture;  that is, the shank was extended. t o  the  spinner  surface and 
sealed. Four juncture  configurations that permitted  blade  rotawon were 
tested  with one O f  the airfoil-shank  propellers. Attempts t o  reduce 
the minimum inlet -veloci ty   ra t io  fo r  avoidance of  spinner  boundary-layer 
separation  by  boundary-layer  control were also made by usi'ng a blowing 
s l o t  between spinner components.and a suction scoop a t  various  positions 
ahead of the in le t .  The internal-  and external-flow  characteristics of 
the several  configurations w&re evaluated f r o m  total-pressure  surveys 
a t  the cowling i n l e t ,   i n  the ducting, and behind  the  propeller and e ta t ic -  
pressure  surveys  over  the  spinner and  cowling surface. 
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9 dynamic pressure - 

Q volume r a t e  of  flow 

r radius fram cowling center line unless  otherwise  specified 

R maxFmum radius measured from  cowling center  l ine 

v velocity 

J propeller advance r a t i o  V nD 

X distance from nose of cowling, basic  spinner, open-nose 
spinner,  suction B C O O ~ ,  o r  p o p e l l e r  land 

( o/ PI 

X maximum length of component 

Y ordinate measured from axis of rotat ion  or  cowling reference 
l i n e  

Y maximum ordinate of camponen? 

Z land  height above spinner  surface normal t o  axis 

a angle of attack of center line of model 

B angle of attack of propeller blades from plane of ro ta t ion  
(blade  angle values given  herein a t  ( r / R ) p  = 0.75) 

6 nominal boundary-layer  thickness  (defined as norm8,l distance 

H J Po 
from surface to  point where = 0.9,) 

s, 
Subscripts: 

av average  value  weighted  according t o  area a t  measuring s t a t ion  

b blowing slot   or  suction scoop 

C cowling 

c r   c r i t i c a l  

5 

I d d i f  fuser 

v 
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a 

F f ront  blade 

i . i n l e t  

0 free stream 

P propeller  or  condition  in flow behind  propeller 

R rear blade 

S spinner 

MODEL 

An isometric  sketch of the general model arrangement i s  presented 
i n   f i g u r e  1 and photographs of the several  test  configurations are 
presented  in figure 2. The test model consisted of a =-inch maxirmrm- 
diameter nacelle mounted i n  the midposition on a two-dimensional 
MACA 653-018 wing. The WCA 1-series nondlmensional ordinates  (refer- 

ence 2) were used i n  the design of the cowlings  and  spinner of the present 
investigation. These ordinates are presented i n   t a b l e  I. 

Spinners.- The NACA 1-46.5-085 spinner = 0.&65, 5 = 0.85) 
DC 

selected  for  the b a s k  cowling-spinner  combination w a 8  considered the 
smallest-diameter shortest-length NACA 1-series  spinner that would enclose 
a blade-angle-change mechanism required fo r  a large-diameter  eight-blade 
dual-rotation  propeller. The division between the front  and rear spinner 

halves  occurred a t  s t a t ion  Efk = 0.609; the gap  between spinner components 

was 0.03 inch. 
X8 

Two attempts were made t o  reduce the value of in le t -ve loc i ty   ra t io  
required  to  avoid  flow  separation ahead of the cowling inlet by application 
of boundary-layer  control.  In the f i rs t  case, the nose section of the 
basic spinner was removed ( f ig .  2 (c) )  and refaired a s  shown i n  table 11. 
Air at free-stream total   pressure was ducted through the hollow f ront  
section and ejected  into the spinner  boundary layer  through a s l o t  formed 
between the front- and rear-spinner halves. I n  the second case, an 
annular  suction scoop w a s  ins ta l led  a t  the base of tb spinner in   s eve ra l  
longitudinal  positions, 3.00, 1.50, and 0 inches  ahead of the i d e t  
(table III). The scoop  flow exited from the model nacelle  through t h e e  
streamline  tubes  located EOo apart  (table III and f ig .   2 (d) ) .  The exits 
were loca ted   i n  a low-pressure  region on the cowling t o  induce the scoop 
flow. 



Cowlings. - The NACA 1-62.8-070 cowling - = 0.628; 3 = 0.70) 
(;c DC 

was selected as the  basic cowling.  (See tables I, I1 and f ig .  2.) An 
NACA I-series  inner liner (Y = O.OU),j X = 0.04Dc; see table 11) was 
incorporated a t  the inner l i p  as recommended i n  reference 2 to delay 
the  formation of bubbles of separation from the lower inner-lip  surface 
to  high  values of inlet-velocity  ratio  a8  required  for  the  take-off and . 
climb conditions. The internal  ducting  included a go equivalent  conical 
diffuser  (area  ratio,  1.82 t o  1.0). The inlet-annulus mea, - Ai 0.164, 
fo r  the basic'  cowling-spinner  combination wa8  considered  sufficient  for 
the  air-flow  requirements of a high-powered turbopropeller  engine when 
operating  in  the  cruise  condition a t  a Mach  number of 0.8 and inlet- 
ve loc i ty   ra t io  of 0.5 at  an  a l t i tude of 35,000 fee t .  

F 

V 

For the   t es t s  w i t h  the spinner  boundary-layer  suction  scoops 
installed,   the  basic cowling was replaced by an NACA 1-70-070 cowling 
with O.OIDc inner liner (table I11 and f ig .   2 (d) ) .  The resu l t ing   in le t -  

annulus  area, 9 = 0.222, for this cowling-scoop cambination will intake 

the same mass flow of air ae the basic cowling a t  an  inlet-velocity 
r a t i o  of 0.36 a t   t h e  assumed operating  conditions. The internal  ducting . 
for   this   configurat ion w a s  also changed t o  a 6.480 equivalent  conical 
diffuser (area  ra t io ,  1.40 t o  1.0). The inlet and diffuser   area  ra t ios ,  

F 

Ai 
F A i  

d 

and .- -, fo r  the combination of  the NACA 1-70-070 cowling with  an Ad - 
NACA 1-46.5-085 spinner  with  scoop removed were 0.256 and 1.345, 
respectively. 

- 

Propellers and propeller-spinner  Junctures.- Plan-form and blade-form 
curves of the  several  eight-blade  d&-&otation pro llers are  presented 
in   f i gu re  3. Each propeller was composed of NACA l g s e r i e s   s e c t i o n s  
and was designed to operate a t  an advance r a t i o  of 4.2 at--the aB8~1ned 
cruise  condition. Three a i r f a iL type  shank propellers  with  root thick- 
nesses of 12, 24, and 4.0 percent  (fige.  3(a), 3(b), and 3( c) ) were designed 
with the kame section l i f t  coefficient8 and blade t w i s t  d is t r ibut ions 
and were iden t i ca l   i n  geometry with  exception of the  dis t r ibut ion of 
section  thickness  inboard of the 55-percent-radius  station. Two round- 
shank propellers which had shank diameters  equal  to the maxFmum thickness 
of the 24- and 40-percent a i r fa i l - type shank propellers were a l s o  
investigated  (figs.  3(d) and 3 (e ) ) .  These two round-shank propeller8 
also had the same sec t ion   l i f t -   coef f ic ien ts  and t w i s t  d is t r ibut ions aB 
the   a i r fo i l  shank propellers,  but  the  distribution of blade-width r a t i o  
and thickness  ratio  differed  inboard of the 23-percent- and 55-percent- 
radius  stations,  respectively. 

I.. 
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Each propel.ler w a s  tes ted with an aerodynamically "ideal" propeller- 
spinner  juncture;  that is, the  propeller shank extended t o  the  spinner 
surface and was sealed.   In  addition, the 24-percent-thick shank 
propeller was tested with four "practical"  juncture  configurations w i t h  
which the propeller  could be rotated through EOo of blade-angle change; 
this change is  representative of the range from fill feather   to   reverse  
thrust .  For the firs t  juncture a sect ion of the blade root   just   h igh 
enough t o  allow this blade-angle change was removed (f ig .  2(h) and 
table ?X). The second juncture  consisted of a low airfoil-type  land 
which was ins ta l led  under the front  sections of the  f ront  and rear 
propeller components and f i l l e d  the minimum-height opening, except  for 
a gap large enough t o  allow  blade-angle changes ( f ig .  2( i) and table IV) . 
A second airfoil"  land  (fig.  2(3) and table IV) extending farther 
from the spinner  surface was also  investigated. I n  this case  the  land 
height was selected such that the gap  between the propeller  blade and 
the  land would be  out of the spinner boundary layer. The land shape and 
angle  for  both these configurations were the same as   tha t   for   the  
propeller-shank at comparable radius  stations;  for propeller blade angles 
other  than the design  value, the blade shank and land were no longer 
a l ined  ( f ig .   2(k)) .  The fourth  juncture was 8 land designed t o  cover 
the base of the  blade  for a blade-angle range frm the assumed-climb 
propeller-blade  angle of 47. bo f ront  and 6.60 r ea r  (.t = 0.73) to the 

assumed high-speed blade  angle of  67.4O fkont and 66.60 rear (see 
f ig .  2 ( 2 )  and table  V). I n  each of  the  three land configurations  teated, 
the  land-shank gag was 0.010 inch. 

APPARATUS AND TESTS 

The model was mounted i n  the middle of the tunnel with the support 
' ' w i n g  spanning  the 3- by +foot  rectangulaz  test   section of the Langley 

low-turbulence  tunnel.  Internal  flow was induced and controlled  by a 
variable-speed  centrif'ugd blower and the flow quantity was measured by 
a calibra%ed  orifice meter. The flow exited from the model diffuser 
into a small plenum  chamber and then was conducted to   the blower  through 
auxiliary  ducts on the top and bottom of the support wing ( f ig .  1). The 
eight-blade  dual-rotation  propellers were driven by a 20-horsepower 
variable-speed  electric motor through a 3 t o  1 reduction,  right-angle 
gear  drive;  the  driving motor and gear  drive were both mounted internal ly  
in the support w i n g .  Because of  the  limited  parer of the driving motor 
and the small width of the tunnel test section,  each  propeller was cut 
off   a t   the   64.4-percent-radiu  s ta t ion  ( f ig .  3)  and the   t ips  were rounded; 
the advance ratios  presented, however, are  baaed on the full-model scale 
dfameter of 3 .W fee t .  

2 -  

a 
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Surface  pressure  distributions Over the top of the  epinner,  top of 
the cowling, and inside l i p  of the cowling were measured by means of 5 ,  
8, and 4 flush  orifices,   respectively.  With propeller removed, pressure F 

surveys a t  a s ta t ion  0.75 inch  inside  the  inlet  were made by using a rake 
of eight total-pressure  tubes  extending  across the annulus a t  the  top of 
t he   i n l e t  and t w a  total-pressure t a e s  located 0.06 and 0.12 inch from 
the cowling inner  surface a t  the  bottom of the inlet.  Pressure  surveys 
were also conducted a t  the end of the  1.82-area-ratio  diffuser of the 
basic 0.628 d/Dc cowling  and a t  the end of the 1.40- and 1.345-area- 
r a t i o  diffusers of the 0.70 d/Dc cowling  by.means  of eleven  total- 
pressure  tubes  extending  across  the  annulus a t  the top  section. The 
diffuser  total-pressure  rake was o f f s e t  so a s   t o  be out of the wake of 
the inlet rake. The spinner  boundary-layer  thickness 6 was determined 
from the inlet   to ta l   pressure  dis t r ibut ions.  

With propeller  installed,  the  total-pressure-tube  imtrtmentation 
was replaced by shielded total-pmesure  tubes. A seven-tube  rake of 
shielded total-pressure  tubes w a s  a l s o  installed jwt-behind the propeller 
and extended from the cowling surface  to the propel ler   t ip   (see  f ig .  2 (b) ) .  
The quantity  flow  through the open-nose-spinner configuration was deter- 
mined for  the propeller-removed  case by means of meaeuremnts of a t o t a l -  
and static-pressure  tube  located i n  each  side of the e x i t   i n  the ' 

horizontal  plane.  Suction flows for  the boundary-layer scoop configura- 
t ions were determined from measurements of a t o t a l -  and static-pressure 
tube i n  each  of  the  three exits. 

The pressure measurements of the model were recorded by photographing 
a multitube manometer. Di f fe ren t ia l   o r i f ice  meter pressures were read 
visually from a second multitube manometer. 

T o t a l -  and static-pressure  surveys were conducted for   inlet -veloci ty  
ratios  ranging from 0.3 t o  1.6 and angles of attack  ranging f rom o t o  loo 
for   both the propeller removed a d  installed  conditions. The assumed 
propeller operating  conditions  are  tabulated below: 

Blade angle 
r a t io ,  (deg) night Conation 

Abrance 

J 
Front R e a r  

High-speed 

1.56 46.6 47.4- C l i m b  

4.20 62 .3  63.1 ' C r u i s e  (design) 

5.25 66.6. 67.4 
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A range of  advance r a t i o  was investigated  for  each of the propeller 
blade  angles. A l l  tests were conducted a t  a tunnel  airspeed of 100 miles 
per hour which corresponds t o  a Mach  nrmiber of 0.13 and a Reynolds 

number of  approximately 0.94 x LO 6 baaed on the l2-inch-maximum cowling 
diameter of the model. 

RFISULTS AND DISCUSSION 

In te rna l  Flow 

Basic  cowling-spinner  combination,  propeller removed.- Total  presmre 
dietributions  across the annulus a t  the top of the inlet and diffuser  
of the  basic cowling-spinner  combination are presented in figure 4. A t  
the higher  inlet-velocity  ratios,  total pressure coefficients near unity 
were obtained  over a la rge   par t  of the, inlet and diffuser; the localized 
losses which occurred in the inner and outer  sections of the  diffuser 
a t  the highest   in le t -veloci ty   ra t ios  were probably due t o  increased  skin 
f r i c t i o n  at the duct w a l l s .  As the in le t -ve loc i ty   ra t io  w a s  reduced 
from the higher  values, small total-pressure  losses began to occur a t  
the inner  section of the i n l e t  annul= because of fncreases   in  boundary- 
Layer thickness over the spinner. With further reduct ions   in   in le t -  
ve loc i ty   ra t io  to values below 0.3, the spinner boundary layer thickened 
rapidly under the influence of the increasingly  adverse  pressure  rise 
ahead of the inlet ( f ig .  5 )  and soon separated;  this  separation 
caused s ignif icant   losses   in   total   pressure.   Increases   in   angle  of 
attack  also  increased  the magnitude of the pressure rise ahead of the 
inlet ( f ig .  3) and required higher values of i n l e t - v d o c i t y   r a t i o   t o  
avoid the large  losses due to   separat ion.  These e f f ec t s  are c lear ly  
shown i n   f i g u r e  6 which presents the boundmy-layer  thickness on top of 
the spinner and 0.75 inch  inside the inlet as a function of inlet-velocity 
r a t i o  and angle of attack; the spinner  boundary-layer  thickness 6, 
p l o t t e d   i n  figure 6 ,  has been arbi t rarf ly   def ined as the distance normal 
frm the cent ra l  body t o  the point w h e r e  the inlet total   pressure  coeff i -  
c ien t  Hi - pQ equaled 0.95. The pronounced nknees'' a t  the lower values 

of i n l e t -ve loc i ty   r a t io  are i a c a t i v e  of the  onset of separation. The 
small "knees" occurring i n  the 6 c m e s  of f igure 6 a t  the higher inlet- 
ve loc i ty   ra t ios  may be'aseociated with a forward movement i n   t r a n s i t i o n  
from laminar to   tu rbulen t  flow as the inlet-veloci ty   ra t io  was decreased. 

go 

The  e f f ec t s  of roughness and spinner ro ta t ion  on the spinner boundary- 
layer-thickness  characteristics are presented  in figures 7 and 8. 
Ins ta l la t ion  of varying  degrees of roughness around the spinner a t  

a 
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approximately the minirmlm-pressure s ta t ion  

mall increases  in the boundary-layer  thickness ( f ig .  7) and did not 
affect   s ignif icant ly  the inlet-velocity  ratio  at--which the boundary layer 
began thickening  rapidly. Similarly, rotat ion of. the spinner with 
surfaces smooth both as a single- and e dual-rotation unit ( f ig .  8) did 
not  cause s ignif icant  changes in the in le t -ve loc i ty   ra t io   requfred   to  
avoid the rapid  increase i n  t h i c k n e s s   c b a c t e r i s t i c s  of the onset  of 
separation. It is  noted that the smal1"knee" which occurred at the 
high inlet-veloci ty   ra t ios  with the amooth nonrotating  spinner was not 
obtained with the  largest  roughness par t ic les   ins ta l led  or with the  dual- 
rotation  spinner. This result further points  out  the  possibil i ty of the 
"knee" being  associated with a movement of t ransi t ion.  

In   add i t ion   t o  total-preeeure losses caused by thickening and 
separation of the spinner boundary layer a t  low inlet-veloci ty   ra t ios ,  
losses might a l so  be expected  to.occur a t  the high-inlet-velocity  ratio, 
high-angle-of-attack  flight-conditions  (take-off and climb)  because of 
separation from the inner  surface of the l i p  a t  the bottom  of the cowling. 
Such indications were determined from measurements of  total-pressure  tubes 
located 0.06 and 0.12 inch from the lower inner-Up  surface of the 
cowling 0.75 inch  inside the inlet ( f ig .  9). Low loss  coefficlents were 8 

maintained t o  the highest test inlet-ve.locity  ratio at angles of at tack 
up t o  5' and also were maintained t o  an inlet-velocity r a t i o  of about 
1.0 a t   an  angle of attack of 10'. A t  t h i s  high  angle of attack,  the 
losses measured by the tube =arest  the  surface (0.06 inch)  increased 
rapidly with increases in   i n l e t -ve loc i ty   r a t io s  above 1.0; this increase 
indicated  the  formation of bubbles  of  separation. These bubbles, however, 
were confined t o  a region  very  near  the  inner  surface; no losses were 
indicated  to occur a t  the tube 0.12 inch from the surface  for any angle  
of a t tack and inlet-velocity-ratio  condition. It appears,  therefore, 
*om this data and that presented i n  reference 2, t ha t  O.OIDc height 
inner-l ip fairing is probably sufficient  to  avoid  significant  losses  over 
a large part of the range of fl ight  conditions.  The  e f f ec t  of propeller 
operation on the lower inner-l ip  separation  characterist ics will be 
discussed i n  8 later section. 

r 

Average total   pressure  coefficients a t  the top of the i n l e t  of the 
basic cowling-spinner  cgmbination  weighted with respect t o  area  are 
presented i n   f i g u r e  10. For the  inlet-velocity-ratio range of 0.45 and 
greater, the coefficients  closely approached unity  for  the  case  for  an 
angle of a t tack of Oo. Below th i s  value o f  inlet -veloci ty   ra t io ,  the 
total  pressure  decreased rapidly because of the  thickening and subsequent 
separation of the spinmr boundary layer ahead of the in l e t .  For angles 
of a t tack greater than  Oo, t& inlet-velocity  ratio  required  to  avoid 
spinner  separation and the at tendlng  large  losses   in   total   pressure  a t  
the top of the inlet was increased  considerably. It should  be  noted, 

F 
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however, that the entering  flow would be assymmetrical a t  angles of 
attack  greater  than Oo and that the spinner boundary layer would have 
the most detrimental effects on the average total pressures i n  the top 
section of the i n l e t .  The total   pressure  coeff ic ients  of figure 10 
(except  for a = oO), therefore, are considered  consematfve as average 
values  for  the  entire inlet. The c w e a  do indicate, however, that the 
assumed design  inlet-velocity  ratio of 0.50, which-was obtained from 
reference 2, i s  suf f ic ien t ly  high to   insure  high inlet total   pressures  
in   t he  low angle-of-attack  range  likely  to be encountered i n  the design 
cruise condition. 

The average t o t a l  pressure coefficients a t  the end of the 1.82-area- 
ra t io   d i f fuser  are compared with those a t  the inlet i n  figure ll. A t  
an  angle of a t tack of Oo, the total-pressure losses between the i d e t  
and diffuser  remained neazly constant  fabout 0.02%) from the minimum 
test  in le t -ve loc i ty   ra t io  t o  a value  of  about Q.80. For the inlet- 
velocity-ratio range abwe 0.80, the diffuser losses  gradually  increased 
t o  0 '08% at 5 = 1.60. Examination of these data i n  terms of the 

nominal inlet dynamic pressure show that the losses  f irst  decreased 
VO 

inlet -veloci ty   ra t io .  T h i s  result indicates that the separation had 

moved completely  through the diffuser  a t  - vi - - 0.80 and the  diffuser 

losses fbr   the range of inlet-veloci ty   ra t io  0.80 and  above w e r e  due 
simply to   sk in   f r ic t ion .  A t  an angle of attack of 5O, average t o t a l  
pressure  coefficients at the top of the d i f fuser   s ta t ion  were conaid- 
erably  greater  than  those measured a t  the in l e t   fo r   t he  range of inlet- 
veloci ty   - ra t io  below 0.80. It is  apparent fram these measurements that 
the  assymetrical f low exis t ing at the inlet for  angles of attack  other 
than  zero w a s  further dis tor ted i n  the internal  ducting so that t o t a l  
pressure  coefficients  determined fram a single   posi t ion in the  diff'user . cannot  be  considered a s  average  values. Average total   pressure  coeff i -  
c i e n t s   i n  the internal  ducting,  therefore, w i l l  be  discussed  hereafter 
only a t  Oo angle of attack. 

VO 

Basic  cowling-spinner  combination w i t h  **ideal** propeller-spinner 
juncture.-  Total  pressure  distributions at the top 0-f the inlet and 
dfffuser w i t h  the propellers  operating a t  the cruise condition are ' 
presented i n  figure 12. Comparison of these results shows that increases 
in   thickness  of the  propeller shanks brought  about  reductions in t o t a l  
pressure a t  both  the  inlet  and difhser .  The reductions i n   t o t a l  pressure 
at the inner  section  of  the inlet annulus  might be expected to  encourage 
boundary-layer  separation a t  the low inlet-velocity  ratios.   Separation, 
however, d id  not  occur above the propeller removed value  of  inlet-velocity 



- 
r a t i o  except"in the case of the th in  (12 percent  thick) shank propeller 
and, i n  this case,  the  separation  inlet-velocity  ratio was s t i l l  below 
the design  value of 0.50. L 

T h e  e f f ec t  of reducing the advance r a t i o  was to   increase  the  total  
pressures at the inlet and diffuser fo r  each  propeller  configuration a t  
in le t -ve loc i ty   ra t ios  high enough t o  avoid  separation.  (For example, 
aee f ig s .   l 3 (a )  and l3(b) ) .  Increases  in  angle of a t tack caused  consid- 
erable  increases f n  boundary-layer  thickxess on top of the spinner 
(compare figs.   13(a) and l 3 ( c ) )  and, as in   the propeller-removed  caae, 
required  higher  values of i n l e t -ve loc i ty   r a t io   t o  avoid flow  separatign 
ahead of the inlet ;  These e f fec ts  were generally  the same over  the 
en t f re  range of  propeller  conditione  investigated. 

For the propeller-removed  case,  the  formation of bubbles of separa- 
t i on  from the lower cowling inner l i p  was -indicated  to  occur a t  an i n l e t -  
ve loc i ty   ra t io  just over 1.0 for  high angles of a t tack  (see  f ig .  9). 
With propeller inidxlled, no auch separation was observed. For the 
simulated  cruise (low posit ive  thrust)   condition (f ig .  14), loas coeffi-  
c ients  measured by the  reference  total-pressure  tube  near  the  inner- 
cowling surface (0.06 inch) were small over t h e ' e n t i r e   t e s t  range of 
inlet-veloci ty   ra t io  and angle of  attack. T h e  effect of reducing  the 
propeller-blade  angle .and advance rat io   (s imulat ing the climb condition) . 

was to  further  reduce the already low loss coefficients.  It appears, 
therefore, that, as indicated  in  reference 2, separation *om the lower 
cowling inne r   l i p  i s  not  l ikely to  occur for the full range of f l i g h t  
conditions wFth the O . O I D c - h e i g h t  inner-lip fair ing  instal led.  

Average to ta lpreesure   coef f ic ien ts   a t -   the   top  of the i n l e t  and 
diffuser  with no propeller and with the several  propellers  operating at 
the design  cruise  condition p, = 63.1'; p, = 62.3O; and J = 4.2 are  

compared in  the  following  table a t  00 angle  of-attack and the design 
inlet-veloci ty   ra t io  of 0.50: 

( ) 

I Type of 
propeller 

t - . .  t 

No propeller 
12-percent-thick shank 
24-percent-thick shank 
@-percent-thick shank 
Small r o u d  shank 
Large round sMnk 

l I 1" 4 



These results demonstrate the superior i ty  of the thin (12 percent thick) 
shank propeller f o r  the selected  design  cruise  condition and show that 
the  coefficients  obtained w i t h  the thin  propel ler  were nearly equal   to  
those  for the propeller-removed  case. Comparisons of the to ta l   p ressure  
coefficients  obtained with the 24- and 40-percent-thick  airfoil-shank 
propellers w i t h  those  for the emall round and large round  shank propellers 
which had the same maximum thickness, 0.022Dp and 0.035Dp, respectively, 
a lso  show that substantial   gains me obtained  through  use of a i r f o i l -  
type shanks. It is  noted tha t  the thin-shank  propeller may have a much 
greater margin of superiority at  the actual   cruise  Mach nuniber than 
indicated  previously, inasmuch as the thicker shank sections of  the other 
propellers would operate a t  supercr i t ica l  speeds EO that shock-boundary- 
layer   interact ion  effects   could reduce the total   pressure  coeff ic ients  
obtained with these propellers substant ia l ly  below the law-speed values. 

The ef fec ts  of variat ions  in   blade angle and  advance r a t i o  on the 
average total   pressure  coeff ic ients  a t  tk i n l e t  and d i f fuser   for   the  
design  inlet-velocity  ratio aze preeented i n  figure 15. These  results 
show that, over the range of advance r a t i o  and & cavering  propeller 
operation from high  speed t o  clinib, the r e l a t ive  merits of the di f fe ren t  
propellers were essent ia l ly  the a8 that indicated  for  the deeign ' 

cruise  condition i n   t h e  preceding table. 

- Average t o t a l  pressure coefficients a t  the inlet and diffuser  are . shown in   f i gu re  16 as a function of in le t -ve loc i ty   ra t io   for  severd. 
blade angle  and  values  of advance ra t io ;  tbe three blade angles and 
advance r a t i o s  w h i c h  correspond  approximately to the high-speed, cruise, 
and climb  conditions are indicated on the figure. These r e s u l t s  show 
that changes i n  inlet velocfty above the design  value of 0.50 also do 
not   affect  the order  of  merft of the several  propellers. It i s  noted 
that to ta l   p ressure   coef f ic ien ts   subs tan t id ly  greater than  those  for 
the propeller-removed  case were obtalned w i t h  the th in  shank propeller 
when operated a t  low advance ra t io .  The low total   pressure  coeff ic ients  
obtained w i t h  the airfoil-shank propellers at  the climb blade angle (p" '= 47. bo; p, = 46.6O) and advance r a t i o  of 2.5 are a t t r i b u t e d   t o  
reverse thrust. - 

Basic  cowling-spinner  combination w i t h  'I practical"  propeller-spinner 
.lunctures.- Averatze t o t a l  wessure coefficients  obtained w i t h  the  several  
I ~~ - 

propeller-spinner  junctures t e s t e d  i n  conjunction with tlae 
- 

shank propeller are presented i n  figures 17 and 18. 
The configuration with the gap  under the forward par t  of the blades j u s t  
large eno% t o  permit adequate  spinner  clearance for the  propeller 
through 120 of  blade-angle change (table N and f i g .  2(h), l o w  land 
removed) gave total pressure  coefficients from 0.02 to  0. I 2  less than 
those  for  the  "ideal"  juncture  over  the test range of inlet-veloci ty  
r a t i o  and propeller  operating  conditions. The greatest  losses  occurred . 
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i n  the low inlet-velocity range fo r  each  propeller  condition and are  
a t t r ibu ted   to   ear l ie r   separa t ion  of the  spinner boundary layer.  This 
ear l ier   separat ion is  believed  to have been  caused  by losses due t o  b 

flow through  the gap  between blade and spinner  crosswise t o  the direct ion 
of the  undisturbed stream; this flow was in i t i a t ed  by rotat ion and by 
differences  in  pressure on the thrus t  and suction  faces of the propeller 
blades. 

Ins ta l la t ion  of the low a i r fo i l   l ands  under the front   sect ions of 
the propeller  blades  (see  table I V  and f i g .   2 ( i ) )  caused s ignif icant  
reductions  in  the  crosswise  spinner flow and consequently  effected 
reductions i n  the m i n i m u m  inlet-veloci ty   ra t io  required to avoid  spinner 
separation.  Substantial improvements in   the  average total   preasure 
coefficients a t  the inlet and diffuser were obtained  at.low  inlet-veloci%y 
ra t io s  with t h i s  land compared t o  those  for the case with the low land 
removed (f igs .  17 and 18). A t  the  cruise  blade  angle  the  coefficients 
were only  0.02 t o  0.05 less. than  for the 'I ideal"  juncture over the t e s t  
ranges of inlet=veloci ty   ra t io  and advance ra t io .   Increases   in   to ta l  
pressure compared t o  the.land-removed  case were also r ea l i zed   a t  the 
simulated high-speed and climb blade 'angles  ana advance ra t ios .  For 
these  blade  angles, the land was not a l ined with the blade  root  because 
the  land  angle was ffxed a t  the design  cruise blade angle. 

The 
constant 
Climb t o  

configuration wi th  the  broad land (ao land), which'allowed a 
land-blade gap for  the  range of propeller  blade  angles  simulating 
high qeed   ( see  table V and fig. 2(2)), provided small 

increases  in  total   pressure  coefficient when compared to the low-airroll  
land for  both  the climb and high-speed blade  angles  in  the low i n l e t -  
velocity-ratio range (figs.  17 and 18). For the larger  part of the i n l e t -  
velocity-ratio range, however, the total pressures for  the  high-speed 
blade angle  as w e l l  as the  cruise were from 0.02% t o  0 . 0 5 ~  less than 
those. obtained with the low land ( f ig .  17) poasibly  because of the 
greater land drag. 

I t  was believed that the  internal  flow character is t ics  of the 
configurations  discussed were inferior  to  those  for  the  "ideal"  juncture 
configuration  because of the detrimental   effects of the  juncture on the 
spinner  boundary-layer  characteristics. A second airfoil-type  land, 
therefore, was investigated which had the opening  between the land and 
tm? propeller  blade end located high enough above the  spinner  surface to 
be well out of tk-sjimer boundary layer  (see  table I V  and f ig .  2(j)). 
This land has been  designated  the  "high-airfoil land". 

Ins ta l la t ion  of the high  land  effected  substantial   increases  in  the 
average t o t a l  pressure coefficients at the inlet and diffuser  cmpared 
t o  the other  "practical'l  juncture  configurations  (figs. 17 and 18). A t  - 
the design  cruise  blade  angle,  the  total  pressures were everywhere 

I 

E 



within 0.02q0 of those  for  the  "ideal"  juncture  over the test  range of 
in le t -ve loc i ty   ra t io  and advance r a t i o  and indicated that flow through 
the clearance gap between the  1and.and  the  propeller blade end had no 
signif icant   effects .  When the blade angle was increaaed to the  high- 
speed  value ( B, = 67.4O; p, = 66.6') Bmall reductions i n   t o t a l  pressure 
occurred compared to  the "ideal"  propeller for correspoading inlet- 
ve loc i ty   ra t ios  and advance r a t io s .  It w i l l  be  noted, however, that the 
reductions were substant ia l ly   leas   than  for   the  other   "pract ical"   juncture  
configurations i n   t h e  low inlet-velocity-ratio  range. 

Operation of the  high  land a t  the simulated climb blade angle 
produced greater total pressure  coefficients  than any other  propeller 
configuration Over t h e   t e s t  range of inlet -veloci ty   ra t io  and  advance 
ratio,   including that for  the "ideal" juncture. In   t he  low range of 
in le t -ve loc i ty   ra t io  w h e r e  spinner  boundary-layer  separation  occurred 
with  the "ideal" juncture,  the  high land effected small reductions in 
the minimum in le t -ve loc i ty   ra t io  for which such  separation was avoided. 
These increases in   total   pressure  coeff ic ient  and reductions i n  minimum 
in le t -ve loc i ty   ra t io  are believed to  be caused  by the conibination of the 
e f fec ts  of a greater  angle of a t tack of the  land  (see  fig. 2(k)), which 
produced grea te r   th rus t  at the inboard  Section8  of the propeller, and 
a vortex  type of flow (such as described in   reference 3) generated a t  the 
gap between the  propeller blade end. and the  land. Such a vortex  type of 
flow, originating  because of the pressure  differencea on the thrust and 
suction  faces of the blade and high land, would tend t o  sweep the spinner 
boundary layer from the  spinner  surface  into the stream3 thereby, 
eepmation a t  lower inlet-veloci ty   ra t ios  would be  delayed. A sh i l a r  
vortex  type of flow is also thought t o  have existed in   t he  caae of the 
low a i r f o i l  land for  the off design  propeller  conditions;  the  vortex 

' strength, however, probably waa insuff ic ient  t o  sweep the boundary layer 
into the higher-energy stream. Reference 3 points  out that the  vortex- 

order t o  retard  aeparatfon. 
- generator  height m&t be greater than  the  boundsly-layer  thickness in 

The fact   that   total   pressure  coefficienta  obtained  with  the  high 
land were greater than with the "ideal"  juncture for  the climb  case  also 
indicates that 6- increases i n  the total   presaure of the   internal  flow 
may be possible w i t h  small increases  in  the  propeller-shank twist 
d is t r ibu t ion  as suggested in   reference 4. The e f f ec t  of the greater 
inboard  loading on the propeller  efficiency, however, must be  coneidered. 
It will be noted that the  high-land  configuration would not be expected 
to  -use aqy important changes i n  the external   drag  re la t ive  to  the drag 
with the "ideal"  juncture  installed  becauee all or most of the flow 
passing  over the land  entered the inlet. 
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Open-nose spinner.- The ef fec ts  of ins ta l la t ion  of the open-nose 

boundary-layer  control  spinner on the  internal flow character is t ics  of 
the model are presented i n  figures 19 and 20. The propeller-reamed V 

r e su l t s  w i l l  be dlscussed i n  this paragraph and  compared w i t h  the resu l ta  
for the basic  spinner. A t  an angle of a t tack of Oo, the inlet-velocity 
r a t i o  of the open-nose spinner was about 0.63, which corresponds t o  
approximately 8 percent of the cowling i n l e t  flow ak-the  design inlet- 
ve loc i ty   ra t io  of 0.50, and the total pressure a t  the s l o t   e x i t  wae I 

about 0.8540. In the low inlet-velocity-ratio range, where separation 
occurred with the  basic  spinner  installed,  injection of  this high- 
energy  flow into  the  spinner boundary layer thrbugh the annular e x i t  
between spinner components (see table 11) caused substantial  reductions 
i n  the boundary-layer  thickness measured a t  the  top of the  inlet   for   the 
several test angles of attack and reduced the m i n i m  inlet-velocity 
r a t i o   f o r  avoiding  flow  separation  (fig. 19). As shown in   f i gu re  20, 
the m i n i m u m  inlet=veloci ty   ra t io  was reduced by about 0.08 almd the  average 
total   pressure  coeff ic ient  a t  the lowest-test   inlet-velocity  ratio was 
increased by about 0.20. Gains in   to ta l   p ressure  were also rea l ized   in  
the internal  ducting a t  the lowest  flow  rates. These gains, however, were 
somewhat less   than a t  the inlet because of the more extenerive separation 
i n  the diffuser and, for the range of in le -kve loc i ty   ra t io  above approx- 
imately 0.43, the  average  total  pressure  after  diffusion was lower than s 

that obtained wi th  the basic  spinner. The average total   pressure at 
the end of the diffuser was only 0.82q0 compared t o  0.wq for  the  basic 

spinner a t  the highesktest   in le t -veloci ty   ra t io .  
0 

Ins t a l l a t ion  of- the propeller caused large  reductions  in  the boundary- 
layer-control  effectiveness of the open-nose spinner. I n  fact,  with 
the 24-percent-thick shank propeller  operating  at-  the  cruise  condition, 
the total pressures measured a t  the   in le t  and diffuser never  exceeded 
those  obtained with the basic  spinner  over the en t i r e  t e s t  rapge of i n l e t -  
ve loc i ty   ra t io   ( f ig .  20).. The reasons f o r  the loss of the effectiveness 
of the open-nose spinner with propellers  inetalled  are  not readily 
apparent. Results from test w t t h  the open-nose spinner  rotating alone 
(no  propeller) have indicated, however, that the reduction in effec- 
tiveness of the open-nose spinner was not caused by any increase  in  
spinner  ducting losa  due to   ro ta t ion .  It may be possible,  therefore, 
to  avoid the adverse-effects of the  propeller and a t  the same time t o  
improve the boundary-layer-control  effectiveness  of this arrangement by 
relocating and redesigning the ex i t .  

Suction-scoop  configurations.-  Boundary-layer  thickness a t  the i n l e t  
of the NACA 1-70-070 cowling w i t h  the  several  boundary-layer  suctions 
ecoops ins ta l led  a t  the base of the  spinner,  propeller removed, are 
compared w i t h  those  for  the combination of the basic  spinner with an 
NACA 1-70-070 cowling i n  figure 21. The suction  quantity  for each  scoop 
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was approximately  constant  over the test range of 
and equal t o  about 9 percent of the cowling i n l e t  

'L 

17 

inlet -veloci ty  r a t i o  
flow a t  3 = 0.50. 

VO 
When the scoop w a s  located 3 inches  ahead of the 'cowling in l e t   ( s ee  
table  111), suction  did  not  reduce  the minFmum in le t -ve loc i ty   ra t io  
required t o  avoid  separation  with  the  basic  spinner and did not reduce 
the boundary-layer  thickness f o r  the e n t i r e   t e s t  range of inlet-veloci ty  
r a t i o .  When the scoop w a s  i n s t a l l ed   a t   pos i t i ons  1.5 inches  ahead of 
the   in le t  and flush with the i n l e t ,  however, reductions of approxi- 
mately 0.10 in,minimum inlet-veloci ty   ra t io  were obtained. For the ca8e 
wherethe scoop was located at  the inlet the b o w - l a y e r  thic-ess was 
reduced below that of the  basic  spinner Over the en t i r e  test range of 
inlet-veloci ty   ra t io .  

Average to ta l   p ressure   coef f ic ien ts   a t  the i n l e t  and d i f f u e r  of 
the NACA 1-70-070 cowling w i t h  the  suction scoop loca ted , a t  the i d e t ,  
the more practical   case  for a propeller  directly ahead of the cowling 
in le t ,   a re  compared in   f igure  22 w i t h  those  obtained w i t h  the basic 
spinner. The e f fec t  of suction,  propeller removed, was t o  reduce the 
minimum inlet -veloci ty   ra t io  for avoidance of high losses f r g m  about 0.45 
t o  0.35 and t o  increase substantially  the  total   presauree everywhere i n  
the low inlet-velocity-ratio  ranget  at  the minimum test inlet-velocity 
r a t i o  of 0.30, the minimum total  pressure  obtained w a s  0.92% at  the 
diffuser   s ta t ion compared t o  0.70% f o r  the  basic  spinner. Small 
increases in total   pressure also were obtained in  the  higher  range of 
inlet-veloci ty   ra t io .  

As in  the  case of the  basic  configuration, the e f f ec t  of i n s t a l l a t ion  
of the 24-percent-thick shank propeller waa t o  reduce the inlet and 
diffuser  total  pressure  coefficients  over moat of the test inlet-velocity- 
r a t i o  range. The maximum reduct ion  a t  the cruise  propeller  condition 
waa 0.09 and occurred a t  an inlet -velocl ty   ra t io  of 0.35 ( f ig .  22). The 
coefficients  obtained, however,  were 0.02 t o  0.05 higher i n  the low inlet- 
velocity-ratio range  than  those  obtained  withbut  suction (compare f igs .  16 
and 22). Reductions i n  minimum in le t -ve loc i ty   ra t io  t o  obtain equal 
coefficients was from 0.06 t o  0.10 a t   t h e   i n l e t  and 0.12 t o  0.25 at  the 
diffuser.  Some gains,  therefore,  appear  posaible  through  the u e  of 
bounary-layer  control by auction. The significance of the  gains, with 
regard t o  over-all  airplane performance mat ,  of course,  include  consid- 
erat ion of the suction-pumping-parer  requirements. 

External Flow 

Pressure  distributions over  cawling.- Static  pressure  distributions 
over the top surface of the  basic NACA 1-62.8-070 cowling are  presented 
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i n  figure 23. The phenamena (propeller removed) were generally similar 
to  those  for the HACA 1-series inlets discussed i n  reference 2. A t  an  
angle of a t tack of Oo, no sharp  negative pressure peaks  occurred i n  the I c 

dist r ibut ions even a t  the lowest-test   inlet-velocity  ratio of 0.28. The 
e f f ec t  of increasing the inlet-veloci ty   ra t io  was to increase  the  pea-  
surea in   t he   v i c in i ty  of' the nose because of the outward displacement of 
the stagnation  region; the distr ibut ion over the rear section of the 
cowling  and the minimum pressures, however, were essentially  unaffected 
by inlet-velocity-ratio  variations.  As the angle of a t tack was increased, 
amall localized  negative  pressure peaks  occurred  over  the nose section 
a t   t h e  lower inlet-veloci ty   ra t ios ,  and increases   in   inlet-veloci ty   ra t io  
were required  to produce peak-free  distributions. A n g l e  of  attack 
increases also c a u e d  Bmall reductions i n  the pressures,over  the  rear 
section of' the cowling. 

Propeller  aperation a t  the  design  cruise  condition 

BR = 62.3'; J = 4,2) caused only  small changes in the dis t r ibut ion and 
i n   t h e  magnitude of the pressures.aver  the cowling ( f ig .   23(b) ) .  The 
total   pressure  just-   outside the cowling  boundary layer was a l so  reduced 
below the stream value for this condition. (see f ig .   24) .  Hence, there 
was no net  increase in flow  velocity  over the cowling surface. As t2ae 
propeller advance r a t i o  was reduced, small increases  occurred in   bo th  
the t o t a l  and static  pressures  in  the  region of the cowling surface 
(figs. 23(b) and 24). The increases in   s ta t ic   p ressure  were greatest 
near the nose. Because the  increases  in  total   pressure were s l i gh t ly  
greater  than the s t a t i c  pressure increases, a emall net  increase  occurred 
i n  the flow  velocity  over the surface  campared-to  the  propeller-removed 
and low-positive-thmzs.t  cases. 

The total-preasure  surveys behind the 24-percent-thick shank 
propeller, which was representative of all propellers  at-sections  out-  
board of the cowling inlet, showed that a radial   total-pressure g rad ien t  
existed  behind the propeller  (fig.  24). The magnitude of this gradient 
increased  with  reductions in both  blade  angle and  advance ra t io .  The 
DI&XIII~I~II~ total-pressure rise f o r  the range of propeller test conditiona 
occurred a t   t h e  outboard  sections and was of the order  of 0.47s (compare 
the advance r a t i o   f o r  the highest blade angle  with  the advance r a t i o  for 
the lowest  blade  angle); whereas the m a x l m u m  rise i n  the inboard  sections 
( a t  the plane of the cowling inlet) never  exceeded 0.18q for any 
p o p e l l e r .  This fac t   aga in   i l lus t ra tes  thi poss ib i l i ty  of ob ta infw 
Mgher in le t   to ta l   p ressures  through sl ight   increases   in  the inboard 
propeller twist distribution. As noted previously, however, t& effect 
of additional  inboard  loading on the propeller  efficiency must be 
considered. 

0 

0 
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Predic ted   c r i t i ca l  Mach number.- Cr i t i ca l  Ma5h rpbers predicted 
from low-speed pressure  coefficients by the vonKarman extrapolation 
(reference 5 )  have been shown i n  previous papers (for  example, reference 2) 
to be  valid for test Mach numbers as low as 0.13 provided sharp negative 
pressure peaks do not  occur i n  the pressure  distributions.  Mach numbers 
thus  obtained, however, are unnecessarily  conservative  for  design  purposes 
inasmuch as. they  define only the lower l imit ing Mach  number range within 
which force changes due t o  shock can  occur.  Reference 6 indicates t h a t  
8 margin of from 0.05 t o  0.075 may e x i s t  between the c r i t i c a l  and force- 
break Mach numbers. In the select ion of the basic cowling-spinner  design 
from the charts of reference 2, therefore, the c r i t i c a l  Mach  number f o r  
the present  design was taken t o  be 0.05 less than the design cruise 
Mach  number of 0.80 i n  order to  obtain  the  shortest   possible cowling. 

Predic ted   c r i t i ca l  Mach numbers for the combination of the basic 
NACA 1-62.8-070 cowling with the NACA 1-46.5-085 spinner  (propeller 
removed) are presented i n  figure 25 as a function of in le t -ve loc i tg   ra t io .  
A t  an  angle of a t tack  of 0' and f o r  the design  inlet-velocity  ratio 
of 0.w the critical Mach number w a s  0.75, the value  given  for this 
cowling i n  the select ion  char ts  of reference 2. The effect of increasing 
the angle of a t tack was t o  reduce  sl ightly the c r i t i c a l  Mach numbers i n  
the higher range of inlet -veloci ty   ra t ios;  in the lower range, where 
sharp  local  negative  pressure pea occurred i n  the surface  pressure 
distributions,  the c r l t i c s l  Mach  number decreased rapidly. The "knees" 
of the curves  for  angles of a t tack  up t o  5O, however, always occurred 
at in le t -ve loc i ty   ra t ios  below the  design  value of 0.50. 

It has been shown previously that propeller  operation did not produce 
increases i n  the flow velocity  over the cowling ( just   outs ide the cowling 

. boundary leyer) at the higher  values of advance r a t i o  which correspond 
to high-speed f l i gh t .  It is  evident,  therefore, that operation of 
propellers of the type  investigated  did  not  decrease the c r i t i c a l  Mach 
nmber of the ins t a l l a t ion  below the propeller-removed  value. It is  
possible, of couse ,  that some i nc rease   i n  flow velocity might  be  obtained 
i f  the  propeller shanks were retwisted t o  increase the inboard  loading. 
O n l y  a small increase  in   loading i s  possible, however, so that am adverse 
effect of the propeller on the c r i t i c a l  Mach number of the ins t a l l a t ion  
would be small enough to  neglect in the design process.. 

' The more important  conclusions frm an  invest igat ion of propeller- 
shank ef fec ts  on the internal  f low  characterist ics of a cowling-spinner 



combination  equipped wi th  an  eight-blade  dual-rotation  propeller are 
summarized a s  folltiws: 

1. The addition of aw of the  propellers  studied  to  the  basic 
cowling-spinner  combination d i d  not  increase  the minimum inlet -veloci ty  
ra t io   required t o  avoid  boundary-layer  separation from the spinner 4 

surface and d id  not  decrease the predic ted   c r i t i ca l  Mach  number of the 
cowling. Propeller  operation a l s o  delayed  separation from the inner- 
cowling-lip  surface a t  high  inlet-velocity  ratios.  

2. The propeller  with  12-percent-thick shanb and with "ideal" 
sealed and faired  propeller-spinner  junctures produced total   pressure 
coef f ic ien ts   a t  the cowling inlet and diffuser  nearly equal to  those 
with propeller removed at the design  cruise  operating  condition.  Total 
pressure coefficients  eubstantially  greater  than  those  for  the  propeller-  
removed case were obtained a t  the propeller  operating  condition 
corresponding t o  clinibing f l i gh t .  

3 .  Increases in propeller-shank  thickness  caused  significant 
reductions in   t be   t o t a l   p re s su re   coe f f i c i en t s   a t t he   i n l e t  and diffuser;  
coeff ic ients   for   the round-shank propeller were as much as 0.30 less 
than  those of the  comparable-thickness  airfoil-shank  propeller. 

4. TIE incorporation of propeller-spinner-juncture  arrangements 
tha t  permitted blade  rotation reduced  the t o t a l  pressure  coefficients 
a t  the i n l e t  and diffuser  as long as the juncture w a s  located  'inside 
the spinner boundary layer.  

5 .  An airfoil-land-type  juncture which had the land-shank gap 
located w e l l  above the spinner  surface gave total pressure  coefficients 
nearly equal  to  those  for the "ideal"  juncture in the  simulated  high- 
speed and cruise  conditions and was superior In the climb condition. 

6. O f  the two boundary-layer control methods investigated  only  the 
suction  coop prmlded any improvegent over  the  basic  configuration 
with  propellers  operating. 

# 
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(a) Basic cowling-spinner combination, NACA 1-62.8-070 cowling with 
1-46.5-085 spinner, plan view. 

Figure 2. - V i e w s  of d e l .  
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( c )  Open-nose boundary-layer-crmtml spinner. 

Flgue 2.- Continued. 
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(e) 12-percent-Wck shank propeller, ideal juncture, basic cowling- 
spinner combhation. 

Figure 2.- Conthud. 
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(f) 2bpercent-thick aha& propeller, Ideal juncture, basic cowling- 

spinner combinaticm. 

Figure 2.- Continued. 
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(h) 24-percent-thick shank propeller with minimum clearance gap t o  allow 
120' blade rotation,  basic cowling-spinner combination. 

FL- 2.- Continued. 
W ul 

. . .  



(I) 2k-percent-thick shank propeller with low airfoil-land juncture, 
basic cowling-spinner combination. 

Figure 2.- C m t i n u d .  
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( J )  2Lpercent-thick shank propeller with high-land Juncture, cruise 
blade angle, basic cowling-spinner combination. 

Flgure 2.- Continued. Y 
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(9) 2b-percent-thick shank propeller with high-lana juncture, clwb 
blade angle, badc coxllag-spinner combination. 

F 5 . m  2.- Cmtinud. 
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( 2 )  24-percent-thick shank propeller wfth land designed to cover base 
f o r  mo blade-angle change, climb blade angle. 

Figure 2.- Concluded. 
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(a) A i r f o i l  shank; 12 percent  thick. 

Figure 3.- Plan-form and blade-form  curves for the  16-series,  eight-blade, 
NACA 3.09- ( 5 )  (0.050)-04 dual-rotation propeller. Test propeller cut 
off at E = 0.644. . 
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(b) Airfo i l  shank; 24 percent thick. 

Figure 3. - Continued. 
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(c) A i r f o i l  ahark; 40 percen-tthick. 

Figure 3. - Continued.. 
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(a) Round shank; smal l .  

Figure 3.-  Continued. 
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( e )  Round shank; large. 

Figure 3. - Concluded. 
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(a) In l e t .  

45 

Figure 4. - Total-pressure dis t r ibu t ion  a% 'inlet and diffuser measuring 
stations, propeller removed. 
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(b) Diffuser. 

Figure 4,- Concluded. 
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Figure 5.- Static-pressure distributian over t o p  of basic spinner, 
propeller r e m o v e d .  
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~igure 6.- Effect of inlet-velocity  ratio w e  o f  attack on spinner 
boundary-layer t h i c k n e ~ ~  at top of i n l e t ,  propeller removed. 
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Figure 7.- Effect of roughne~~ on spinner boundary-layer thickness at tup 
of idlet, pmpeuer remmea; u = 0'. 
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(a) Single-rotation  spinner. 

~ g u r e  8.- Effect of spinner mtatim on boundary-layer thickness at top 
of Inlet, propeller removed. 
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Flgure 9.- Effect of inlet-velocity ratio on total-pressure loss 
coefficient measured by reference tubes 0.06 inch 0.12 Inch 
from lower inner cowling surface a t  inlet measuring station, 
propeller remoped. 

I ' 



I ' '  

. .  

1 

1.0 

.d 

.. . ... . I 

I 

.2 .4 .6 .g 1.0 1.2 1.4 

V I / %  

Figure 10.- Effect of Inlet-velocity  ratio and angle of attack on the 
average total pressure coefficient at top of i n l e t ,  'propeller removed. 
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Figure U.- C c r m p a r i ~ ~ n  of average total p r e e s w  coefficient at Fop of 
I n l e t  atxi diffUeer, propeller removed.. 
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I n n e r  oowling surfaoe - 

h, inohee 

Symbol Conficurat ion 
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Figure 12.- Total pressure dis t r ibu t ion  at inlet andl df fmer  with 
propeller removed and with the  several  propellers  gperatlng;  ideal 
shank-spinner  juncture; PF = 63.1'; PR = 62.3'; J = 4.2; 2 M 0.505 

a = O .  0 VO 
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(a) M e t ,  a = 0’. 

Figure 13.- Effect of operation of the  2b-percent-thick aha,& propeller 
on the t o t a l  pressure  distribution  at  top o f  the   in le t  and diffuser;  
ideal  shank-spinner juncture; pF = 63.1’; pR = 62.3O. 
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( c )  Inlet, a = 5O. 

Figure 13.-  Concluded.. 
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Figure 14.- Effect of idlet-velocity  ratio and prapeller operation on 
total-pressure loss coefficient mewsured by a reference  tube 
0.06 in& from lower-hr c m l ~  surface at m e t  measwztng 
etation. 2bpercent-thick shank propeller; f i ~  = 63.1; = 62.3.  
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Figure 17.- Comparison of the  effect of the  various  propeller ahsnlr- 
aplnaer junctures on average total  pressure  coefficient  at the in le t  
and  diffuser.  2Lpercent-thlck shank propeller; a c 0'. 



. .. . .. . . . . . . . . . . . . . . 

I 
(b) D i m r .  

17.- c~nc~uaed.  

* 



Figure 18.- Variation of m e t  and aiffuser avemge to t a l  preseure 
coefflcient with advance ra t io  for the  several  propeller shank-spinner 
junttuee.  2kpercent-thick shank propeller; EL 0.5; a = 00. 
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Figure 19.- Effect of blowing slot (open-nose-qber configuration) on 
spinner boundary-layer thicknese at top of i n l e t ,  propeller removed. 
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Figure 20.- Effect of propeller operatlbn on the  average t o t a l  pressure 
c&fflcient at the ln le t  aml diffuser for the blowing s l o t  (open-nose- 
s p w e r  ccaeiguration), a = 0'. 
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Figure 21.- Effect of suction scoop location on the Bpinner boundary-layer 
thickness at top of t h e  inlet. WCA 1-70-0'70 carling; propeller removed; 2 
a = 0'; = 0.09 at = 0.5. 
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Figure 22.- Effect o f  propeller uperatian on the   inlet  and dii"fu8er average 
t o t a l  pressure coemcient f o r  the flush suction acoop ccmfiguratim. 
NACA 1-70-070 cowling; a Oo. 
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(a) Propeller removed. 

Figure 23.-.Static pressure distribution Over top surface of mACA 
1-62.8-070 cowling, HACA 1-46.5-083 spinner. 
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(b) 24-percent-thick shank propeller installed, Pp =. 63. lo, BR = 62.30, 
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Figure 23. - C ancluded . 
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Figure 24.- Effect of advance ra t io  on the thnwt lgading of the 
24-percent-thick E- propeller, a = o . 
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Figure 8.- P d c t e d  c r i t i c a l  Mach numbers for  top surface of WCA 
1-62.6-070 cowUng with WlCA 1-46.5-085 8p-r Installed, propeller 
removed. 
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